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ABSTRACT

This handbook, Tec~~Guides on Use of Reference Areas and

Technical Standards for EvaluatinR Surface Mine Revegetation in aSM Re~ions I

and II, was prepared to assist mine operator~j and regulatory authorities. in

evaluating success of reclamation vegetation in the Appalachian coalfields.

Neither the interim nor'the permanent regulations specified methods for

evaluating revegetation success but left the decision to OSM and the States.

The availability of published standards will provide for uniform measurement

of revegetation success and permit the use of technical standards instead

of reference areas in assessing ground cover and productivity.

Section 1 is devoted to pastureland and other agronomic and

horticultural crops, postmining land uses for which the use of both the

reference area and technical standards approaches to productivity are

suitable.

Section 2 deals with considerations relative to the use of reference

areas in evaluating reclamation for forestry, wildlife management, and water-

sh~d protection and suggests technical standards be adopted as the regulatory

approach.

Section 3 describes a system for evaluating revegetation where the

postmining land use is forestry and where standards (woody plants per acre

and ground cover percentage) are fixed by regulation.
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SECTION 1

PLANNING AND EVALUATING AGRICULTURAL

LAND USES ON SURFACE-MINED AREAS

by

Robert E. Farmer, Jr., * and David H. Scanlon III

Office of Natural Resources

Tennessee Valley Authority

To develop land use and evaluation procedures for surface-mined

areas in Regions I and II, an ad hoc working group was formed (see

Acknowledgments) to draw on the insight and experience of a number of

scientists and professionals. A principal focus of the group sessions was

the development of procedures for application of reference area and the

technical standard methods of evaluating revegetation. Early in its

deliberation, the group decided that the use of reference areas was not

generally practical for evaluating postmining lands devoted to forestry,

wildlife management, and other nonagricultural uses in Regions I and II.

The problems of using reference areas in evaluating these land uses are

disru£sed in section 2 of this handbook. Revegetation performance standards

for -forestry and wildlife management have already been published in the

regulations (sections 816.116 and 816.117). Therefore, this section is

devoted to forage and other agronomic and horticultural crops postmining

land uses for which the use of both the reference area and the technical

standard approaches to productivity evaluation is suitable.

*Present address:
Ontario P7B 5E1.

School of Forestry, lakehead University, Thunder Bay,
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Introduction

Federal surface mining regulations published under the authority

of the Surface Mining Control and Reclamation Act of 1977 (pt 95-87) provide

for a variety of postmining land uses. These regulations furthpr ~"thl'\ri?~

changes in postmining land use if they lead to "higher and better uses"

In ,the eastern coalfields, lands mined under PL 95-87(section 816.133).

regulations frequently will be suitable for agricultural uses, sometimes as

a consequence of land-form and site quality changes related to mining

Section 816.116 of the rules generally provides for evaluating these uses

in terms of ground cover and productivity on the basis of "reference areas"

This section outlinesor through the use of technical guidance procedures.

procedures with which the mine operator and landowner can plan and manage

agricultural land uses through the period prior to bond release, including

methods for using the reference area and technical standards approaches

It is restricted to consideration of:to evaluation. 1) mined lands in

Office of Surface Mining, Regions I and II and (2) agricultural uses that do

not come under rules covering prime farmlands as defined in the regulations.

While agricultural use of mined land is increasing with the-advent

of better mining and reclamation techniques and more effective regulations,

the only land use employed to any extent has been pastureland. In OSM

Regions I and II, production of row crops, small grains, and horticultural

crops on surface-mined areas is still largely in experimental or pilot-scale

However, experience with pastureland is more extensive, and postminingstages.

sites suitable for these land uses are frequently encountered in the Appalachia

Moreover, the economics of postmining forage production are good,coalfields.

given the fact that cost of land clearing and forming and the establishment



plan required under section 780.23 of the regulations) which require "a detailed

will present some problems and require judgment evaluations.

reference area method, lack of good production data local to the mined area

dard (i.e., performance standard).

comparing production on the reclaimed area with an accepted production stan-

due to weather

approach automatically accounts for ye~r-to-year differences in production

Regulations require that mined land be at least 90 percent as productive as

managed undisturbed site nearby that serves as a reference area or 'standard.

the reference area.

and environmental protection on th~ reclaimed site with that on a similarly

The "reference area'! approach to evaluation involves comparing crop production

on evaluation procedures, i.e.,

resource evaluation and ends with the regulatory decision approving reclamation

begins with a decision to pursue one of several land use options determined by

made by the mine operator, landowner, and regulatory agency.

in the course of surface mining consists of a series of land use deci~~ons

will probably constitute a major poslmining land use in the near future

of forage vegetation are borne by the coal resource.

The decision on a postmining land use is documented in the reclamation

-

Among the most important decisions made by the mine operator is one

The regulated process of converting forest land to agricultural uses

The "technical standards" method of evaluation consists of

While relatively expensive to use, the reference area

"reference area" versus "technical standards.11

Though simpler in application than the
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description of the proposed use." If the selected use involves a change in

Inland use, the requirements of section 8]6.133 must additionally be met.

brief, requirements in these sections of the regulations are aimed at ensuring

that the postmining land is capable of the proposed use and that r~alistic

'..
A landowner's declsionmanagement arrangements have been made for that use.

should integrate his or her land management objectives and capabilities, the

potential land capability after mining and land forming, and the regula'tory

constraints contained in part 816 of the regulations. It will usually.r'equire
.

professional assistance, which the large owner-operator may wish to obtain -

from either an inhouse staff person or a consultant The small landowner

should use the consultative services of the several public agencies that can

assist him or her in this decision: the D.S Soil Conservation Service, the

u.s. Agricultural Stabilization and Conservation Service, the Slal~ Agricullural

Extension Service as represented by the County Agricultural Extension agent or

representatives from land grant universities, the regulatory authority (i.e.,

the State reclamation agency), and the State forestry agency. Some landowners I
may use private consultants, who in turn may contact these agencies All public

agencies have access to technical data and testing services that support their

knowledge of locdl land capabilities and opportunities. In working with these

agencies on this initial decision, the mine operator and landowner establish

relationships through which other management and evaluation decisions can be

assisted later. In the final analysis, the land use decision incorporates a

unique blend of considerations that is specific to a certain land use and

for which on-the-ground advice is necessary.
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sections 816.101 and 810.102 allow considerable latitude, on approval of the

regulatory authority, in shaping land. Minesoil characteristics and their

relationship to forage systems are so variable that an onsite examination

and subsequent chemical and physical analysis of overburden and/or final

minesoils may be required to make a sound decision This examination should

be assisted by county Soil Survey Reports and agents of the S9il Conservatio.n

These agents will, als.oService and the State Agricultural Extension Service.

be able to furnish data and advice on the management implications and economics. ,

of forage systems under local conditions. Transportation, management Cd'stS-",-

and land management attitudes of local residents in the remote areas commonly

being mined may be of special importance in a decision whether or not to use

a forage system.

Designing a Forage System

Species Mixtures--Once a decision has been made to adopt forage as

a postmining land use, a forage system suited to the area must be planned,

including species selection and management procedures. Considerable

operational experience with many different species has now been obtained on

The examples of forage mixtures listed in table 1.1 generallymine:)oils.

been used successfully on surface-mined lands in Appalachia The mixtures

should contain from three to five species to satisfy requirements for diversity,

they should include at least one permanent grass and one permanent legume.

Lists of grasses and legumes with optimum pH ranges as commonly used in

re(lamation are included in appendixes A.I and A.2
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One of the universal ch~raclerislics of forage mixtures for mined

lands is inc~usion of one or more legumes that will serve as nitrogen

fixers on the usually nitrogen-deficient minesoils However, ~inesoil

characteristics, desired forage products (pasture or hay), elevation,

topography, and latitude will vary with each permit area, and this v"ariation
'"

requires that each forage mixture be a unique product of site-specific

planning. The planned mixture should be documented in the permit applicaLio~.

Management--Management procedures to be described in the permit

. .

application should include plans for seeding (timing and rate), fertili:a.ation

(in establishment and maintenance), harvesting, livestock (if area is to be

grazed), and possibly renovation. All of these components of manag~ment are

covered in detail by State Agricultural Experiment Station handbooks on forage

which are well known to Soil Conservation Service and Agriculturalproduction

Extension Service personnel who are familiar with application. Theore 03 re ,

however. some aspects of forage management that require special consideration

on minesoils. The first of these is the problem of nutritional relationships

on new minesoils, which is still under active investigation by research

organizations. While blanket recommendations are not possible, special onsite

attention must be given to adjustment of pH and to nitrogen and phosphorus

Provisions for periodic plant and soil analyses and inter-relationships.

The other special concernprelation should be made in the management plan.

is for harvesting methods, which will encourage rapid establishment for

productive plant communities and encourage maintenance of appropriate species

,
A conservative nonintensive grazing schedule during the first fivemixtures.

years will be a key element of pasture management and maintenance, and should

provide for exclusion of livestock for the initial one to three years after

seeding depending on ground cover and sod development.
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Evaluation--After planning a forage management system, the mine

operator must decide upon an appropriate evaluation method upon which bond

release wiJl be based. As noted earlier, he or she may adopt either the

"reference area" or "technical standards" approach. In the Eastern coal-

fields, ground cover and productivity must meet objectives set under either

system for the last two 1=°nsecutive years of the five-year responsibility

period (section 816.116). Under forage systems, there are several general.

advantages and disadvantages worthy of brief review in each approach.

reference area method is usually administratively more cumbersome

and expensive than the technical standards procedure. An appropriate area of

at least 10 acres if animals are to be grazed; or 1 acre if the product is

hay, must be under operator control by ownership, lease, or cooperative

agreement for at least a two-year period and managed under the system selected

fOr the mined area. While the technical standards method may be less expensive

to establish and use, there may be instances where it is difficult to define

and set standards for a given crop at a specific location that are acceptable

to the operator and regulatory agency. Consultation with the local Soil

.
Conservation Service and/or Agricultural Extension Service will help in

deciding between using technical standards and reference areas. Review of

the following standard procedures for using the two techniques should also be

helpful

Establishing and Using a Reference Area

reference area (minimum 1 acre for hay, 10 acres for ~asture)

should be as close to the mined area as possible (preferably within a radius

of 20 miles) and should be in the same physiographic area as the minesite.

Its soil and ecological characteristics should be as close to those of the
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mined area as possible. The operator may wish to arrange for several reference

areas, the average production from which may be used as the performance.

standard. Designation of a reference area must include the legal arrangements

for its use, and this designation must be included in the permit application

(sections 780.18t 783.22). The same management practices must be followed on
. .

the refer~nce area and the mined area during the tw~-year evaluation perioa;

These will include the same species mix and fertilization and harvesting

regimes.

During the two-year evaluation period, the mine operator is

responsible for collecting ground cover and production data from the two

areas, which may be used as .supporting data for his or her application for

bond release. In instances where the regulatory agency determines by visual

evaluation that the ground cover and productivity of a reclaimed ar:~a

unquestionably exceed that of the reference area, the supporting evaluation

data may not be required for bond release. Evaluation methods that may be

Threeused are determined by the actual use of the forage on the mined area.

(1) mechanized harvest of the total haymajor use categories are considered:

crop, (2) forage produced and not harvested--may be designated as hay or

pasture in the reclamation plan, and (3) harvest of forage by the'grazing of

livestock

When the hay crop is to be harvested, evaluation will consist of

comparing total harvests from the reference area with those of the mined area

for the required two years. Records required for the bond release application

would include total acreage of reclaimed area, the number of tons or bales

(or other standard units) harvested from it, and the same data from the

reference area. The yield of the reclaimed area computed in standard units

per acre must equal the yield obtained from the reference area. Also, ground

cover must equal that of the reference area, except when the reclaimed area
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is 40 acres or less and the operator opts to use the standard; then 70 percen

Percentage cover can becover is required for five full consecutive years.

estimated by using the technique described by Rennie and Farmer in section 3

of this handbook or by other approved standard methods.

In cases where the forage produced is not harvested, the productivit

must be evaluated by sampling the percentage cover and forage yields on the

Ovendry weight per acre of aboveground plant material will be thetwo areas.

There are many accepted procedures for determiningmeasure of productivity.

this weight ('t Hannetje 1978). The following productivity measurement method

The operator may select another from theis proposed as a standard one.

extensive literature upon approval of the re~ulatory authority. Ovendry weigh

will be estimated from the harvest of plants from milacre (1/1000 acre)

Sampling intensity willstrip-plots with a dimension of 1.5 feet by 29 feet.

gepend upon the size of the area to be evaluated as follows:

Sampling
intensity

(percentage)

Areas sampled
(acres)

Number
plots/acre

5
4
3
2
1

1-5
6-10

11.-20
21-40
41+

0.5
0.4
0.3
0.2
0.1

Plots are to be established on parallel lines that are 100 feet

apart and oriented in cardinal directions. Distance between plots will be

as follows for the several sampling intensities.
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Distance
between plots
on lines (ft)

Distance
between

lines (ft)
Number

plots/acre

80
100
132
198
395

100
100
100
100
100

5
4
3
2
1

The initial plot will be established 29 feet in a cardinal direction

from a randomly located point on the boundary.
~ -

In each 1.5- by 29-foot plot, all aboveground plant material will:

be harvested to a 2- to 3-inch stubble during the final month of the growing

A power mower with an IS-inch blade and collec,tor bag is a suitableseason.

All rocks and debris will be removed before weighingharvesting device.

The total weight of the clippings will be immediately det~rminedharvest.

and a small (1/2- to 2-pound) subsample of the material will be taken for

determination of ovendry weight by drying at 1500 F for 24 hours. The

total ovendry weight of the sample will be computed using the following

equation:

= (total fr ht)total ovendry weight
from milacre plot

Ovendry sample weight of all plots will be averaged and the result

multiplied by 1,000 to obtain pounds per acre of ovendry plant material.

weight per acre of material from the reclaimed area must be equal to that on

Since this comparison is based on a sample rather tha~the reference area.

total harvest, a statistical procedure must be used to determine whether the

comparison meets the standard of 90 percent probability set in the regulations
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(section 816.116(b)(3)). Such a procedure is presented in appendixes A.3

A.4. Percentage ground cover must equal that of the reference area, or be

least 70 percent for areas of 40 acres or less.

Stock

The standard an

unit is a 1,OOO-pound adult animal.
Animal units are adjusted for different

four months.

and the entire mined area. The minimum grazing capacity for the reference

agency, must be specified in the reclamation plan.
For bond release, grazing

two consecutive years.

Periodic

While there

The grazing
require expensive animal handling procedures and measurements.



15

Methods of measuring productivity of grazing lands without involving

animal units could be carried out b~ installing fenced or caged livestock

Forage samples would beexclosures on the reference and rec~aimed sites.

collected outside the exclosures before initiation of grazing, and at the end

of the grazing season samples would be collected within the exclosures.

Values for growth and utilization of the gra,zed areas can be computed ftom

the forage samples to provide for comparison of the reclaimed and reference
. . .

areas. Exclosure methods for evaluating grazing lands would be relativ'ely
. -',

site specific in design and application and likely would require speci~l' ,
; .

. instruction and guidance from an agricultural ex~ension .forage specialist .'t~

achieve reliable results.

Technical Standards- --

.
Use of,this evaluation approach will include setting a productivity

standard acceptable to the regulatory authority, documenting it in th,e permit

application, and then comparing production on the reclaimed area with the

During this period ground cover is required to be
standard for two years.

at least 90 percent, except for areas 40 acres or less where 70 percent ground

cover is required after five full consecutive years.

The established standard (i.e., yield per acre) will be specifically

applicable to the mined area and will be a product of consultation among the

regulatory authority, the mine operator, and appropriate specialists (e.g.,

agents of the Soil Conservation Service or the Stat.e Agricultural Extension

The level of management will be equivale~t to that on which the
Service).

.

To the degree possible, it will bestandards (or target yields) are based.

based on published yield information for the county and/or soil mapping units.

Recent county Soil Survey Reports published by the Soil Conservation Service

contain expected yields for forage and other crops by soil type, and State
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The relationship of final land conformation to crop management is

even more important than for forage, and producing a minesoil of potentially

As noted by Jones etgood tilth must be planned into the mining operation.

!'organic matter and pH are of prime importance in the developmental. (1979),

For crop production, soil acidityts critical,
'..

and a soil pH of 5.5 is ,the generally accepted minimum for row crops. This.

and utilization of minesoils."

further suggests the desirability of a forage cover crop for several yea~s

immediately after mining, since it will both provide'the necessary cover an9

ameliorate key soil characteristics.

Designing a Crop System

With above considerations in mind, the mine operator and landowner. .

interested in crop production must include in the pe.rmi,t application what

This plan, which should be based on consultationwill amount to a farm plan.

with local Soil Conservation Service and Agricultural Extensi,on Se.rvlce agents,

(1) provisions for appropriate land forming and soil handlingwill include:

during the mining operation, (2) plans for a rotation of species mixtures,

which will prevent erosion and prepare the site for the major species or

groups of species to be produced, and (3) a soil amendment plan including

provisions for periodic evaluation of soil potential and problems

While species mixtures and their sequence of use must necessarily

be fitted to the individual site, some general recommendations can be made

These might include the use of no-till systems that wo~ld ~rogress from a
,.. .,

cover crop, including annual or biennial legumes, to wheat, and then to a row. ,. '. .

The key features of such a system are ~he use ofcrop such as soybeans

grasses and legumes to provide some organic matter and no tillage to reduce
; . . .' ' . -; '.

erosion. Ultimately a rotation of legume forage with row crops may be
. .:';. ; .' ) ". . '. . .

appropriate. A crop such as corn with high nitrogen and water requirements. .. . '. . .
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will be placed in the permit application. The bond release decision will be
,

based upon comparison of this standard with total harvest records for the

last two years of the five-year period of responsibility. Productivity of

the reclaimed area must be at least 90 percent of this standard. Also,

ground cover requirements for orchards must be met unless an exception has

The regulatory authority will supplement the producti~ity.been authorized.

reports with on-the-ground inspections
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The Ecolo ical Nature of ical Reference Area Plant Communities

in Reaions I and II and Their Relationship to the Concept

The vast majority of lands being disturbed by surface mining in

the Appalachian coalfields are occupied by mixed hardwood and pine-hardwood

With the exception of relatively small areas inforest communities.

secondary stages of succession due to disturbance or intensive forest

management of conifers, this forest is in late stages of succession.

The predominant species (over 50 percent) in these successional stages

are oaks (Quercus) and hickories (~); genera such as Liriodendron,

Yellow-poplar (Liriodendron tulipifera) is occasionally aminor components.

dominant species in communities subjected to recent harvest.

These mixed hardwood communities develop on disturbed sites

Some of their major speciesover a period of several decades or more.

components, oaks and hickories, typically develop in the understory and

gradually assume dominance when intolerant species in a secondary stage
.

of succession die or are, harvested. Moreover, the typical oak-hickory
-

forest has an understory component of herbaceous and shrub species, which

is also a product of succession,

In forest practice, hickories are almost never planted; the oaks

have proven difficult to plant, and support of artificial regeneration

Practically nothing is knownresearch with them has been very limited.

about the artificial regeneration of understory plants in the mixed
.

hardwood forest. On the other hand, several species found abundantly in

secondary stages of succession have been planted and seeded in forest

practice (e.g., yellow-poplar and pines). Thus when choosing to use an

undisturbed reference area as a 'revegetation standard, a mine operator will
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usually find a 30- to 50-year-old mixed hardwood stand in which oak and

At present there is only a very limitedhickory are predominant species.

supply of oak and hickory planting stock, and often no sources for many of

the understory plants that are an important part of the forest community.

~and Use Alternatives and Thei!: Requi:£ements
Under the Reference Area Approach

In the event the mine operator reclaiming to a forest or wildlife, ,

plant community chooses to use the reference area approach, he or she will

adhere to standards outlined in figure 2.1 for the two alternative po'stmining

(1) commercial forest land (816.117(b)) and (2) wildlife manage-land uses:

ment, recreation, shelter belts, or forest uses other 'than commercial forest

land (816.117(c)).

The two key points of inspection are at the beginning of the

five-year period of responsibility and at the end of this period when an

It is useful toinspection is made upon which bond release is based.

analyze the requirements under these two postmining land uses following

a strict interpretation of the regulations in sections 816.116 and 816.117

First, if the land is to return to commercial forest, the

reference area approach is used only to evaluate the cover since woody

plant requirements are fixed in section 816.117(b)(1) and (2). Ground

cover is defined (816.116(d)(3)) as the combined aerial parts of vegetation

The ground cover on theand the litter that is produced naturally onsite.

revegetated area must satisfy 816.116(b)(3)(iv), which requires 70 percent of

the ground cover of the reference area (with a confidence level of 90 percent).

Cover on an undisturbed reference area will be dramatically differept in

dimension and composition from cover on a reclaimed area. However, since
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cover on a reference area in the Appalachian coalfields will commonly be

100 percent, the standard 70 percent cover for a reclaimed area will usually

The cover (816.116(b)(3)(iv)) must be deemed adequate to contr,olapply.

Thus the regulatory authority may set another standard. In theerosion.

Appalachian region of high rainfall and steep slopes, requiring an .80 percent

...

cover of trees and shru~s and a 90 percent herbaceous ground cover {both ~i~hin

Whatever the situation,a 90 percent confidence level) is not unreasonable.

an operator opting for the reference area approach with commercial forest

as a reclamation goal will in actuality be following technical standards',

. but with the additional cost of establishing' and surveying a reference area;

If the operator decides to return the land to' wildlife management,

recreation, etc., the reference area will actually be used.; Information

f,rom some portions of the required reference area inventory (site quality,

stand condition, etc. (816.117(c)(1)), has no apparent bearing upon, release

At the end of the five-year responsibility period, sto'ckingfrom bond.

of woody plants must be 90 percent of that of the reference area with an

Ground cover must satisfy section 816(b)(3)(iv),80 percent confidence level.

which requires it to be 70 percent of reference area, with a 90 percent

If an old growth forest is used for a reference area, itconfidence level.

is possible that it will have fewer trees per acre than required for an

Rationally the regulatoryadequately stocked young stand on a reclaimed site.

authority should recognize the need and require additional trees and shrubs

In setting such requirements, the- regulatory authority would rely on stocking

and ground cover parameters different from the reference area

The evaluation of species diversity, seasonal variety, and regenera-

lion capacity (816.117(c)(3)(ii)) is referenced to the mining -plan, not the

reference area. No mention of a species compositional requirement for the
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Moreover, the regulations as stated certainly providethis was their goal.

no barriers to using more creative revegetation systems, the adoption of

which should be promoted at the planning stage of mining.
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SECTION 3

AN INVENTORY SYSTEM FOR EVALUATING REVEGETATION OF RECLAIMED

SURFACE MINES TO FOREST RESOURCE CONSERVATION STANDARDS

by

John C. Rennie* and Robert E. Farmer, Jr.

The Surface Mining Control and Reclamation Act 0'£ 1977 CPL 95-8:7.

requires mining firms to meet published standards for revegetation as ~

prerequisite for bond release. Under the permanent regulatory program,.

standards for forest tree and shrub stocking are 450 woody plants per ~cre

and an acceptable ground cover (section 816.117(b». For permit areas under

40 acres in size planted with a mixture of herbaceous and woody plants,

standards are 400 woody plants per acre (600 stems _per acre on slopes of

more than 200) and 70 percent ground cover (section 816.116(d».. Evaluation

is at the time of establishment and again five years after establishment of

It is impractical and unnecessary toadequate stocking and ground cover.

count all the stems on a permit area to determine whether these standards are

Counting stems and evaluating vegetative cover on a properly selectedmet.

However, at present,sample of the area will give the needed information.

there are no published or generally recognized standard procedures for

determining whether a mining permit area meets these regulatory standards.

An objective method of estimating and documenting ground cover and woody plant

stocking is a key element of mining and reclamation control since bond release

is directly dependent on revegetation success.

This section describes a practical, reliable survey method for

The procedures particularly applyuse by mine operators and inspectors.

*Present address: Department of Forestry, Wildlife anti Fisheries,
University of Tennessee, Knoxville, Tennessee 37916.



30

in situations where the adequacy of reclamation vegetation is in doubt.

Examples of calculations to determine adequate woody plant stocking and ground

cover are for revegetation criteria of 450 woody stems per acre (600 woody

stems per acre on steep slopes) and 70 percent ground cover. Except for the

70 percent ground cover requirement on permit areas 40 acres or less in size

(section 816.116(d», aLl mention of ground cover relates to reference areas.

In substituting technical standards, a more realistic ground cover percentage

to assure adequate erosion -control in high rainfall areas of Regions I and II

is 80 percent where tree, shrub, and herbaceous cover is used, and 90 percent

if only herbaceous cover is used. Procedures and computations can be developed

for these levels or others as described in appendix B.2. Modifications of

sampling procedures for different levels of woody plant stocking are described

in appendix B.3.

Sampling Considerations

General

A vegetation sampling system must meet several criteria to be both

-
valid and practical. First, it must provide estimates of ground cover and

stems per acre at the prescribed level of statistical confidence, in this

case 90 percent (sections 816.116 and 816.117). A sampling system designed

at this confidence level will, because of chance, indicate on an average of

}'out of 10 times that an area is inadequately vegetated when in fact the

vegetation is adequate. On the other hand, it may also indicate that

vegetation does meet standards when in fact it does not.
.

The probability of

the latter type of sampling error varies with sample size, i.e, number of

samples: Tothe larger the sample size, the less chance of such an error.

obtain an adequate estimate, a certain number of samples must be taken via a

system that will be unbiased in the selection of the samples. The techniques
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described below have built-in procedures for assuring that enough samples are

taken and that they are as unbiased as practically possible. Second, the

sampling method should allow for an assessment of the distribution of

vegetation on the permit area when some portions meet regulatory standards

and others require further revegetation. This capability is important since
. ~

there are provisions (s(~ction 807.12) for partial release of bond if

Finally, the whole process of design~ng,revegetation is partially completed.

using, and evaluating a sampling system for a given permit area should.be. '
.

. ,
simple, easy to use, inexpensive, contain a minimum of bias, and be ad~pt~.d

to the vegetation being inventoried. Cook and Bonham (1977) discuss a

variety of measurement procedures and sampling techniques to assess vegetation

on mined areas

Ground Cover

Ground cover consists of the living vegetation and litter n~turally

produced onsite on any unit of land surface. In the context of surface

mine reclamation, it is an important measure of erosion control. For the

purposes of estimating the revegetation success via the method described

below, ground cover will be defined as the percentage of the land covered by

vegetation. This includes shrubs, trees, and litter in addition to grasses

and herbaceous plants

Cover can be estimated from plots or transects. If plots are used,

an appropriately sized area (usually either square or round) is superimposed

00 the ground and an estimate of percentage cover is made either ocularly o~

by some system of subplot sampling. A transect is a line along which vegeta-

tion is estimated. In cover estimation, it may be a stick with marks or pins

at regular intervals that is laid on the ground. The number of pins or marks

contacting vegetation is then counted and recorded. The percentage ground
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cover is the number of pins or marks contacting vegetation divided by the total

This stick transect method has been adopted fornumber of pins or marks.

the sampling system below because it is objective and simple in application

Woody Plant Stocking

Woody plant stocking is most conveniently estimated from plots.

If these plots are smal! enough (e.g., 1/1000 of an acre) simply recording

the presence or absence of living stems on them will give an estimate of

Stems may be recordedthe number of stems per acre and their distribution.

by species so that an estimate of community composition can be obtained.

Larger and more expensive plots (1/10 to 1/20 of an acre) are required if

more detailed information on community structure and productivity is required

but such information goals are usually beyond the scope of vegetative surveys

Therefore, the sampling system describedto evaluate revegetation success.

here uses milacre (1/1000 of an acre) plots that can be conveniently combined

with a short line transect for simultaneously evaluating woody plant stocking

and ground cover

Plot and Transect Location
~

Ideally plots and transects should be located randomly on each

portion of the permit area to be evaluated, i.e., each potential plot has

This would, however, entail physicallyan equal chance of being selected.

identifying each potential plot (i.e., 1,000 per acre) and assigning it a

number and then randomly picking the required number of plots to give the

proper sampling intensity; such an approach is complex and often impractical.

Therefore, most surveys of the sort needed to evaluate stocking and cover

reduce bias in selecting plots by establishing a systematic sampling design

which begins at a single, randomly located spot, usually on the boundary of

the area to be evaluated. A systematic sampling design is one with a fixed
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The design described below is aimed at assuringdistance between plots.

adequate sampling of an area with a minimum number of plots.

Description of Sampling Procedures

Equipment

A stick 3.72 feet long to measure the milacre plot radius having 20 marks

or pins spaced at 2 inches.

to layout grid of sample poin~s. orA 50-foot or longer tape (optional

to check pacing.

A compass to orient grid.

A clipboard to hold tally sheet.

A pocket calculator (optional) to do calculations

A plumb bob with a 5-foot string (for steep slopes)

Abney level or Suunto clinometer (optional for steep slopes)

Classification and Happing

An accurate large-scale map of the revegetated surface mine should

be used to delineate areas of similar vegetation and to layout sampling

Figure 3.1 is a sample map of apoints in those areas to be sampled.

revegetated surface mine and will be referred to throughout the discussion

The revegetated surface mine may be divided intoon sample plot location.

The acreage of rock areas and permane~t roadvegetatively similar areas.

and surface water drainage ways should not be considered since stocking of

The regulatory agency or consultants for thethese areas is not required.

operator will classify areas as adequately vegetated, inadequately vegetated,

or questionable. An area is adequately vegetated if an informal visual

examination reveals it unquestionably meets the revegetation criteria of

450 woody stems per acre (600 woody stems per acre on steep slopes) and
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Figure 3.1. Sample map of revegetated strip mine with areas of homogeneous
vegetation delineated and portions of sample point grids located
in areas to be sampled.
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70 percent ground cover. Similarly, an area is inadequately vegetated if

it obviously does not meet these criteria. Areas of questionable revegeta-

tion are those on which a decision about one of the other two categories

cannot be made by informal visual examination and thus require formal sampling

for classification. The sampling procedures should also be used to train new

staff in vegetation cla&sification and occasionally to check areas previously

classified as adequate or inadequate.

On the map, the boundaries of each area are carefully sketched and

the appropriate class is recorded for each. Areas should not consist of less

than five acres. Also, irregular boundaries should be avoided, if possible

Location of Sampling Points

Approximately 100 sample points will be used in each area

sample size has been selected to ensure the adequate sample needed in highly

variable areas. It also avoids the cumbersollDe procedures of taking a

preliminary sample to determine variability and thus sample size, followed

by a main sample to assess vegetative stocking and ground cover. The
-

statistical evaluation of various sample sizes is presented in appendix B.l.

,Techniques for mlDdifying the sampling procedures are given in appendix B:2

for ground cover and in appendix B.3 for woody plant stocking

Spacing of the sample points will vary with the size of the

to be sampled. First, determine the spacing of sample points for each area

~.classified as questionable or for the whole surface mine if it is not

subdivided (figure 3.1). To start, determine the acreage of each area

,

excluding rock areas and permanent road and surface water drainage ways

either by observation on the ground or from the sketched boundaries on the

Next, refer to table 3.1 or figures 3.2 or 3.3 for the plot spacingmap.

to be used on each area. On the map,. record the acreage and plot spacing

for each area.
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Table 3.1. Spacing needed to locate 100 saolpling points in tracts of various
areas.

Area
(acres)

Spacing
(ft by it)

1 21 by 21

30 by 30

36 by 36

42 by 42

47 by 47

51 by 51

55 by 55

59 by 59

63 by 63

66 by 66

72 by 72

78 by 78

83 by 83

89 by 89

93 by 93

104 by 104

114 by 114

123 by 123

132 by 132

140 by 140

148 by 148

162 by 162

175 by 175

187 by 187

198 by 198

209 by 209

233 by 233

256 by 256

276 by 276

295 by 295

3

4

5

6

7

r

8

9

10

12

14

16

18

20

25

30

35

40
- 45

50

60

70

80

90

100

125

150

175

200

Spacing = .J ~x 4356q
100
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Randomly locate: the first sample point from a starting point on

the boundary of the area. If the area has a corner in the boundary, use it
. "

"" ", as the starting point. Otherwise, any point on.the boundary can be selected

- - -- --- --

To get a random distance, get a random digit by entering table 3.2 in the

proper row and column for the current date (consider "0" to be "10"); for

areas less than 4 acres 'use this number directly; for areas between 4 acres
I

16 acres multiply it by 2; for areas between 16 acres and 25 acres,

multiply it by 5; for areas between 25 acres and 100. acres, multiply it by

10; for areas larger than 100 acres, multiply by 20. From your starting

point, measure or pace along the boundary the distance you calculated from

Now with the compass, turn 90° fromthe random digit to a turning point.

the boundary toward the area being sampled and proceed in the new direc~ion
-- -. half. the distance from table 3.1. This is your first sample point (figure

3.1~.
. --

Refer to "Plot and Line Sampling Methods" on page 13 for a description

of the measurements to take at this and subsequent sample points

After taking the measurements, use the spacing recorded on your

L.D.~. 'h. n..' ..m,~. pa~"~ ~ym.p ~. 1.c.~. .u~..qu.n' ..mpl. '8!n'..

continuing on the same compass bearing you used to get from the boundary. to

the first point; the distance from the first point to the second point is

distance you determined from table 3.1. Continue along this compass

bearing locating sample points at this distance from the previous one and

taking measurements at each until you reach the boundary opposite that from

If you have an irregularly shaped tract, mark thiswhich you started.

point to return to later and complete sampling the second side of you~

first line of plots (figure 3.1); for regularly shaped tracts where you

paralleled a boundary, you have only one side to sample.

Now use your compass and turn 90°; proceed the distance determined

from table 3.1 to the next line of sample points; turn 90° again back into
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the area; you should now be heading along a line parallel to that just

completed (figure J.1). Your first sample point will be located half the

distance determined in table 3.1 from the boundary; subsequent sample points

will be spaced as on the first line. At end of the second line, proceed

Continue the process until you haveas you did at the end of the first.

completed the area. If 'your area is irregular~ return to the point you

marked on the boundary at the end of the first line and complete the other

part of the area.

Plot and Line Sampling Methods

At each sample point that is not located on a rock area or in a

permanent road or surface water drainage way, you will make two observations

and record them in the appropriate part of a form like th~t in figure 3.4.

~se a separate tally form for each area you sample. First, using the sample

point as the center make a milacre acre plot with the 3.72-foot stick. This-

plot is stocked if there is one or more live woody plants (woody shrubs,

tally the plot as stocked by putting an X over thetrees, and vines) in it:

If there are-
.

smallest unmarked number in the upper portion of the tally form.

no live woody plants, circle the smallest unmarked number

Ground cover is estimated by setting the stick at right angles to

the line of travel between sample points with the center of the stick over

There are now 10 marksthe sample point as close to the ground as possible.

Determine how many of the 20 marksor pins on each side of the sample point.

or pins are directly over or under live vegetation; in column 2 of the tally
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.

'ilgre ].4 rally FOr8 for Strip HiDe ReveletatioD 8aaple (uae ODe for8 for eacb area

a~led).

SNfPLE AREA : DAT!: BY:

A. ~DY PLANT STOCXIiG: For .ach plot with ODe or 8Ore live tree, woody sbrub, or. WO~dy viDe, ..rk lowe.t UG88rked aU8ber with aa Xi otherw1.e, circle lowe.t UG88rked

aU8ber:

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
73 74 75 16 77 78 79 80 81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

109 110 111 112 113 1141 115 116 117 118 119 120 121 122 123 124 125 126
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144
145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162
163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180

B. GROUJm COVER: Tally each 11u tran.ect in the row corre.pond1na to 'the nl8ber of urk.
or p~ out of 20 that inter.ect veaetat1on.

Dot-da.h tally 8ethod

1 2. . 3. ..
4. ..,

5. .-
6

1,.:

7
11

a
D

9
~

10
~
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sheet, record one sample point in the row corresponding to the number of

marks or pins which intersected live vegetation.

Modifications for Steep Slopes

Some modifications of th~ inventory's system will be required for

areas with steep slopes .(more than 20°). These include classification of
,
I

areas for visual examination, determination of acreage, orientation of

lines of sample points, pacing or taping up or down a slope, construction of

milacre plots, and layout of the line transects. These modifications are

necessary because all distances are measured horizontally, and all acreages

of plots and areas are defined after the border has been projected vertically

onto a level surface

When classifying each homogeneous area as you map the boundaries,

. you will need to examine the area more thoroughly. On steep slopes, particu-

larly when you are looking downhill, you get a biased impression of the

vegetation; more thorough visual examination will reduce such bias. Determi-

nation of acreage on st,eep slopes should be based on the boundaries you have

, .
drawn on your map, since the map represents the area on a horizontal surface.

-

Estimation of acreage from field observations of steep areas will usually be

more than the actual acreage; overestimates of acreage result in a shortage

of sample plots and a loss of precision

Lines of sample points should be located to follow the contour as

closely as possible to reduce the physical exertion of the sampler. When going

between lines of sample points, it will be necessary to go straight uphill or
.

downhill. Pacing on steep slopes without considerable experience is difficult

Thus. to go between lines of sample points, you should measureand inaccurate.

the distance with a tape.- One way to do this with two people is to measure

the distance in short, horizontal segments (figure 3.5); a plumb bob is used to
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Example of measuring between end of one line of sample points and
start o~ next line on a s~eep slop:, (Distances dl' d , and d
are horlzontal measured dlrectly wlth the tape horlzontal and ~
plumb bob used to align the downhill end of the tape. The sum
of the three distances (dl' d2' and d3) equals the distances

between lines of sample point~,

Figure 3.5:
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align the downhill end of the tape with the starting point of the line segment.

An alternate way to determine the distance is to measure the slope between the

line of saalple points and the start of the next line, determine the appro;'

priate correction factor from table 3.3, and multiply the desired, horizontal

distance between lines of sample points by this correction factor to get the

appropriate distance along the slope. Now, measure up or down the hill the

distance you have calculated; this will put you at about the same point you

would have been if you had measured the distance as shown in figure 3.5

Construction of milacre plots on steep slopes is simplified by using

a plumb bob. If there is one woody plant that is obviously in this plot,

there is no need to use special methods. Where the woody plant is near the

edge, below the center, suspend the plumb bob from the end of the stick

to establish the edge, and determine if the plant is in or out; for the half

of the plot uphill from'the plot center, use the plumb bob to accurately

locate one end of the stick over the sampling point while you turn the other

end to define the upper edge of the plot. To layout the line transect on

steep slopes, rather than holding the stick horizontal, it can be laid on the

,contour for checking vegetation under each of the 20 points. -

Calculations and Decisions

After you have completed all the areas to be sampled, use one copy

of the calculation form (figures 3.6 or 3.7) to do the calculations for each

.
area sampled. This form has directions and spaces- to record data for the two

types of samples. Completion of the form indicates whether or not an area has

adequate woody plant stocking and adequate vegetative cover. Completed sample

tally and calculation forms are found in figures 3.8 and 3.9
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Correction factors to calculate distances along various slopes
that correspond to desired horizontal distances. (For example,
to go a horizontal distance of 63 feet on a slope of 53 percent,
you would measure a distance of 71 feet (1.13 , 63) 410ng the

slope.

Table 3.3.

. Limits

of slope
percentage

Limits
of slope

percentage

Limits
of slope

percentage

Correction
factor

Correction
factor

Correctipn
factor

80.,755.8
1.29.1.01 1.15

57.8 82.3
1.16 1.30. .1.02

83.959.8
.1.31'1.03 1.17

..85.426.7 61.7
1.18 1.321.04

86.963.6
1.19 1.331.05

88.465.4
1.341.06 1.20

67.2 89.9
;1.351.07 1.21

69.0 91.4
1.361.08 1.22

70.8 92.9
1.371.09 1.23

94.372.5
1.381.241.10

74.2 95.8
1.391.11 1.25

75.8 97.249.3
1.26 1.401.12

98.751.5 77.5
1.411.271.13

100.179.1
1.14 1.28 1.42

C;C; 0
,I.u 80.7 101.5

Correction factor for steeper slopes is:

~ 1+ (Slope percentage/100)2

From: Space, J. C. 3-P Forest Inventory: Design, Procedures Data Processing.
USDA Forest Service, State- and Private Forestry - Southeastern Area, Atlanta.
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fiaure 3.6. C.lcu14Lioo Com roc .tcip .I/I~ ceveaetatio/l ..-ple 00 8Odecate slopes

00. Com Cor eacb acea ...plrn.)

~PLl. AlIA: - - . - DATf.:__~ -- BY:__-

lUse

-
A. ~DY PLAMT STOCK..' SAMPLE

I. Couat DU8ber of .tocked plots (X)
~nd rrcord heJow.

2. CnunL n~r of uQaLoc~ed plot.
(0, and alAo record.

:t. s,.. 1 an" l tft arl lutlll 1I1J8b.,.
,,' Vl"lli.

18
20
n
24
26
28
30
32
35
37
39
41
43

50-
5~-
60-
65-
70-
75-
80-
85-
90-
95-

100-1
105-1
110-1

II~-
1211-
12~-
130-
135-
140-
145-
150-
155-
160-
165-
170-
175-

4~
41
49
51
53
56
~8
60
62
64
66
68
70

N... '.1 lil'H"k...I"I.,tx 1.& I

No. 01 ulIKLo,krd plut.: LillI" 2

TOl.J /10 of plot.: Lin.! 3=1 + 2

Line 4

4 LOCMl~ lhe faIlle (Col~ 1) thMt
ll1C"ludra lhe nl8ber of plott ynll

took (Line 3) and record the
8ini- lI~r of stocked plot»
needed for adequate atockinl frn8

Col~ 2 on LiDe 4

~ la Lin" I ~qu.1 to or I.raer th411 Ljn~ 41
Yea: The area haa adequatc woooJy planL IL.)Ckina,
No: Th,. area lacks adequaLe ~oody plant :Itockinl.

. - - .- 8. GROUHD CCJVt:M SAltPL£

~ I. On Lally l(lr., counL Lhe nuaber 01 plOL. Lalli.!d iD Col~ 2 for each row and
rrrord in Col~ 3.

2. For ratb row on tally fon8, .u11 ip1y the nU8b.r in ColU8D 3 by the number in
Col~ 4 ~nd record ill ColU81 !').

J. for earh row on lally rOr8, 8I&iliply lhe nU8ber ill Col~ 3 by the oUllber in
CoIU8H 6 and record ia CoIU8Q 7.

TOl~1 Colu.na 3. S. ~ad 7; record each aW8 at the bolt08 of lbe colu.u aDd below:4

ItS = 1C7 =lC3 :

~ C.lcul.l~ lh~ 8e.n: i = lCS/ICJ =

CalculaL~ the corr~ctioQ (actor: cf = lC5 x IC'i/lC3 =6

7 Calculile lbe au. of aqu8res: SS = 1C7 - c! =

8. C~lcuJ.t. Lbe delreea o( freed08: df = lC3 -

v = SS/df =OJ C.lt"ul.l~ lb. v.ri.ace:

II... a .fi7ffi =10. CAJ..yJ.tf' thr .t.And8rd rrrol':

II. Clrclr LIII' ;&ppropriatr L value: if IC3 il 60 0" It'll, t = 1.303;
j I lC3 ia betw.,ell 60 Ind 120, t = 1.296;
if IC3 il 8Ore th~n 120, t z 1.289.

Il. C:"I,...IMle ltl.- ',ppf'r b,ountl on Lilt, collfidence li..iL: !X . (t x I.e») = --

.1 I. lll.. r ll" 01 .,.." I~ ('quaJ '0 110.0 or _r..?
VI.": Thr .r,.. hil» iI.lrq~lr ground ('oyr,.
No: T~ ~rr~ lac.'k. ad,."...1l,. ground cnvrr

,It
-"If
64
69
74
79
84
89
94
99
104
109
114

IIOJ
124
129
134
139
144
149
154
159
164
169
174
179
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(U.eFiaure 3.7. Calculation fora for .trill .illt! reveaetaL,ou s..pie OD neep 'slopes.
ODe fora for eacb area .a..,leaJ.) i..l'

SAKPLE AREA: DATE: ~ . - .. -'""If: .' .
- - .,- --

~uan-1 Coll8n 2.
"ini- No.

Mo. of ot Sa8ple
s:..ple Plot. Stocked
Plot. . for Adequ.le

Ob.erved Slockillg

C'olU8n 2 ',.

, ,.~,'

-.-
~I~...JA. ~DY PLAHT STOCKING SAMPLE

HiniaU8 Mo.
No. oJf of S88ple
S88pI~ Plots Stoc~d
Plot 'I for Adequate

Obaer~e.t Stockin&

2

Count nU8b~r of atocked plota (X)

and r~cord below.

Count nW8ber of unatocked plots

(0) and alao r~cord.

Sua I and 2 lO ,~l total DU8b~r

of plola.
],

115-
120-
125-
130-
135-
140-
145-
150-
155-
160-
165-
170-
175-

62
65
68
71
74
76
79
82
85
38
91
94
96

50- ~4
.55- 59
60- 64
65- 69
70- 74
75- 79
80- 84
85- 8')
90- 94
95- 99

100-\fJ4
J05-109
110-114

25
28
31
3'4
37
39
42
45
48
51
53
56
59

No. of .lock~d plot.:

No. of unsloLked plot.:

TOla) no of plot.:

- Lill" ..

\-- LiD" 2

- Linc '3=1 .. 2

Lilli' 4

4. Locale thr ranae (Colu.o 1) that
iDciudes the DU8ber of plots YOII
look (Line 3) aDd record tbe
aiDiau. nU8ber of stocked plotM
needed for adequate atocking fr..
Coluan 2 on Line 4

'8. CROlI)/D COVER SAItPLE

On tally for8, COUDt lh" nU8ber nf .,lots talli,'d 10 Coll8D 2 for each row aDd
r~lortJ in Coluan 3.

.'nr 1';.1'1. r',~ un lllily 'n,., ..11 iVly lhc' n...b.,. i.. Col~ 3 by tbe nu.ber in
'ul 4 ~...I rel'orlt i.. Coluaa 5,

l

3. for I"~ch row Oil l~lly for8, ..Iliply lhc nU8b~1 ill Co1.- J by the nUMber in
Coluall 6 and rrcord in Colun 7.

ToLal Colu.ns J, 5, an~ 7; record e~ch &U8 at the bott08 of the colu.n .od below:

IC7 =lC3 = ICS =

s Calculale lhe 8ean: X = IC5/IC3 = '

Calculale lhe correction factor: cC = IC5 x IC~)/lC3 =6

C.lculale the IU8 of Mqu.rel: S5 = 1C7 - cf z

8. C.il'ul~l" lbt' de&rerl or freedo.: lif = IC3 -I -:

fJ C~lrulaL.. \hc' varianrr: v = 55/.11 =

10. C.I,'ul"L,. lhe 8land.rd rrror: ".f'. & Jv7m" =

II. Circlf' Lbf' apPfopriaLf' L value: if LCl il 6001 lell, L = 1.303; --

il >"C3 il beL~'.el. 60 and 120, l = 1.296;
if lC3 i» 80ft: u..o 120, t = 1.289.

12. Cal(.ul~l~ lh.. up~r boulld Of! tbc' confictenc~ li..it: fi + (t x l.e)1 c ..-

Jl. la lbr rr.uJl~ of alep 12 equal to 14.0 Of 8Or.'"
Yr.: The area has adequ~l~ afound COY~I.
~o: The area tacka adrquat~ afound cover,

119
124
129
134
139
144
149
154
159
164
169
174
179
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Filure 3.8 Sa.,l. of CO8pleted rally FOn8 for Strip "in. Revelet~tion Sa8plr for on~
8..,1. area.

SAltPLI ARIA:f1I,~.. ~,t ttM...~24,~bA DATE: A~ 8\~80 BY: :J"cR.

A. WOODY p~ STOCKING: For each p10~ with on. or 8Ore live tree, woody 8hrub, or
woody viae, aark 10weat UO88rked nU8ber with an X; otherwi.., circle lowe8~ unaarked

nu8ber:

"f~ ~ f!i ~ I -](~@~~~~G8\ ~~ ~ ~ ~~~~~~~

~1l5 f~~~ffii.::ii:l~

t I J 114~ 115 1~ 1~ 1181 ~~ ~ ~~ ~ ~ ~f
127 128 131 132 133 134 135 136 137 138 139 140 141 142 143 144
145 146 147 141 149 150 151 152 153 154 155 156 157 158 159 160 161 162

163 164 165 166 167 168 169 170 171 171 173 174 175 176 177 178 179 180

So GROUND COVER: Tally each line tran.ect in the row corr~.pondin. to the nuaber of Dark.
or pin. out of 20 that interaect live vegetation.

Dot-da.h tally .ethod

6
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~
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Point..
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Figure 3.9 S..ple of Coapleted C.lcul.tion Fon8 ~or Strip Min~ Reveget.tion S.aple for on~
s.8pl~ .re..

SAMP LE AREA~Y~~ ~~~~~~.l DATE : ¥]t1~Q - BY: --~~-
A. WODY PLANT STOCKING SAMPLE Coluan 1 Coluan 2 Coluan 1 Coluao };

--I Mini.ua No. tfini.ua No.
No. of of S..ple No. of of S.mple
S.aple Plots Stocked S.aple Plots Stocked
Plots for Adequ.te Plots for Adequ~te

Observed Stocking Observed Stocklng

I. Count DU8ber of .tocked plot. (X)
aDd record below.

2. Couot DU8ber of un.tocked plot.

(0) aDd .1.0 record.

3. SU8 I and 2 to let total nU8ber

of plot..

50- 54 18
55- 59 20
60- 64 22
65- 69 24
70- 74 26
75- 79 28
80- 84 30
85- 89 32
90- 94 35
95- 99 37

100-104 39
105-109 41

~::!!~=:~~

115-119
120-124
125-129
130,.134
135-139
140-144
145-149
150-154
155-159
160-164
165-169
170-174
175-179

4~
47
49
~1
53
5&
58
60
62
64
66
68
70

No. of atocked plota: ~ Line 1

Mo. of unatocaed plQta: ~ Line 2

Tota. no of plota: ~ Line 3=1 + 2

~ Line 4

Locate the range (Colu.n 1) that

includea the nuaber of plots you

took (Line 3) and record the

.iDi8U8 nU8ber of atocked plota

needed for adequate stocking fr08

Coluan 2 on Line 4

4

II Line I equal to or larger than Line 4?
~el: The area ha. adequate woody plant .tocking.
--- No: The area lackl adequate woody plant .tocking

B. GROUND COVER SAtlPLF.

On tally (or., count the nuaber of plot. t.llied in Colu.n 2 for each rowaad
record in Colu.n 3. .

2. For each row on tally for8, aultiply the nuaber in Coluan 3 by the nuaber in
Colu.n 4 and record in COlU8U 5.

3 For each row on tally for8, 8ultiply the RWDber in ColWDn 3 by the nU8ber in
Column 6 and record in Colu.n 7.

Total Colwana 3, S, and 7; record each aU8 at the bottoa of the colU8D and below:

IC3 = II z.. ICS = ..!J~..L IC7 = I 51 32.
4

10. Calculate the .taadard error: ..e. = IVT!C3 = ~~-

11. Circle the appropriate t value: if IC3 i. 60 or less, t = 1.3flJ-~~~~
if IC3 is between 60 and 120,~~~6y
if IC3 i. aore than 120, t = 1.289.

12. Calculate the upper bound oa the confidence li8it: IX + (t x ..e») = Jj~
13. J. the results of .Lep 12 equal to 14.0 or .ore?

Yes: The area bas adequate around cover.
~ Ho: Tbe area lack. adequate around cover.
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Example of Classification, Mapping, and Sample

Plot Location

For this example, a revegetated strip mine of about 100 acres was

selected (figure 3.1). This mine had four distinct areas of homogeneous

vegetation: based on visual inspection, the central portion had adequate
~

stocking of woody plants and adequate ground cover; the areas on each of the

three arms appeared to be well vegetated, but it was not obvious that they

the criteria set forth in the regulations. Therefore, the boundaries

were sketched on the map and the central portion noted as "Unquestionably
'\
Ii

Revegetated"j the three arms were labeled as "Sample Area A, B, and C."

The boundaries were regular. in general, except for "Sample Area B," which

included a small section of questionable stocking protruding into the

central portion of the mine.

The acreage of each of the three sample areas was estimated and

Referring to table 3.1, the spacing needed for each arearecorded on the map.

to be sampled was determined based on each acreage; these were also noted on

for Sample Area A,Starting points were selected for each area:the- map.

it was the southwest corner (in insert A); for Sample Area B, a point a~ong

edge was selected (in insert B) because of the shape of the sample area in

two corners; the southeast corner was used for Sample Area C. Random distances

from each starting point were calculated by multiplying the random digit from

table 3.2, eight in this case, by a factor based on the acreage of each sample

For Sample Area A, being larger than 25 acres, 8 was multiplied by aarea.

factor of 10 to get a distance of 80 feet from the starting point to 'the

turning point (see large-scale version of insert A). For Sample Area B,

8 was multiplied by 5; for Sample Area C, 8 was multiplied by 2.
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After locating the first turning point from the starting point on

Sample Area A, a compass was used to turn 900 into th~ sample area from the

between the starting point and the turning point. Based on the acreage

of Sample Area A (25 acres being the largest area in table 3.1 less than

25.9 acres), the spacing was 104 feet by 104 feet The first sample point

located half this d~stance (52 feet) from the turning point~ A milacre

plot and line transect of 20 points was taken here.

After recording the data at the'first sample po{nt, the sampler

r

continued on the same compass bearing used to get from the turning point ~o

the first sample point. Before going the required 104 feet to the next sample

point, the border of the area was encountered. Here, the sampler turned

and proceeded 104 feet to the next line of sample points. To get to the

boundary of th~. tract, the sampler again turned 90° and proceeded to the

boundary. From this point, the first sample point on the second line'wa$

located 52 feet and the next sample point 104 feet.

Sample point location and data collection for Sample Area A
.

continued with each new line being located 104 feet from the previous line of

sample points, then the first sample point located 52 feet from the edge of

the Sample Area, and subsequent sample points 104 feet from the previous point.

This resulted in a grid of 112 sample points regularly spaced over Sample

Area A with one circular milacre plot and one 20-point line transect located

at each sample point.

.

Sample point location on Sample Area C was similar to that used on

Sample Area A except that a spacing of 63 feet by 63 feet was necessary to

Because of the shape of Samplelocate a sufficient number of sample points.

Area B and the location of the starting point, it was necessary to return to

the first turning point and establish sample points in the northwest portion

, ,-

of the sample area after sampling the southeast portion. Either end of the
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first line of sample points could have been used as a base for next line

northwest; the end on the mine boundary was used because of convenience

Example of Calculations To Determine Adequate

Woody Plant Stocking and Ground Cover

Figure 3.8 is a completed copy of the tally form presented in

figure 3.4. At the top, information identifying the area sampled was entered.

In part A, one number was marked with an X for each plot having at least one

woody plant and another number circled when a plot lacked woody vegetation

In part B, each line transect was tallied with a dot or a dash in column 2 and

the row corresponding to the number of pins or marks out of 20 intersecting

line vegetation.

. After locating and evaluating the 112 sampling points for woody

plants and ground cover, the calculations were performed-(figure 3.9). For

woody plant stocking, the number of XIS and O's were counted and entered on

the appropriate line. The sum of ~hese two numbers must equal the total

number of sample points, 112 in this example. This number of plots wa~ in

the range 110-114, so 43, the minimum number of stocked plots for adequate

stocking, was entered on line 4. Since the actual number of stocked plots--

71 on line 1--was more than the minimum required, Sample Area A had adequate

woody plant stocking.

Next, the number of line transects was counted and recorded by row,

that is, for each possible number of pins or marks intersecting liv~ vegeta-

tion. These were recorded in the appropriate rows in column 3. Next

columns 5 and 7 were calculated, and columns 3,5, and 7 summed and recorded

at the bottom of the respective column and in the appropriate spaces in step ~

on the Calculation Form. The sum of column 3 must equal the number of sample
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points for the sample area, again 112 in this example. Steps 5 to 12 were

completed, and in step 13, the decision on whether or not there was adequate

ground cover was made; in this example, there was not adequate ground cover,

since the value calculated in step 12 was'less than 14~

...;
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Appendix A

Supplemental Information on Revegetation

for Agricultural Land Uses



60

APPENDIX A.I

Commonly Used Grasses for Revegetation of Disturbed ~ands*

Name pH ranget Remarks't'

Perennials:

Bermudagrass (w)§ 4.5-,] .5

11
Bluegrass, Kentucky (c) 5.5-7.0

Bluestem, big (w) 5.0-7.5

Ii Bluestem, little (w) 6.0-8.0

Bromegrass, smooth (c)
Canarygrass, reed (c)

5.5-8.0
5.0-7.5

Deertongue (w) 3.8-5.0

Fescue~:tall (c) 5.0-8.0

Lovegrass, weeping (w) 4.5-8.0

Oatgrass, tall (c) 5.0-7.5

Or~ardgrass (c) 5.0-7.5

Redtop (c) 4.0-7.5

Ryegrass, perennial (c) 5.5-7.5

Does best at pH of 5.5 and above. Grows
best on well-drained soils.

Shallow root; best adapted to well-drained
soils of limestone origin; productivity
may be low.

Strong, deep rooted, and short underground
stems; bunch grass.

Dense root systems; grows in a clump and more
drought tolerant than big bluestem; bunch

grass.
Tall, sod forming, drought and heat tolerant.
Excellent for wet areas, ditches, waterways,

gullies. Can emerge through 6 to B inches
of sediment.

Very acid tolerant; drought resistant.
Adapted to low fertility soils.

Does well on acid and wet soils of sandstone
and shale origin. Drought resistant.
Ideal for lining drainage channels; good

pasture grass.
Grows well on infertile soils. Short-lived;

bunch grass.
Short-lived bunchgrass, matures early in the

spring. Good on sandy and shallow shale
sites. Drought resistant. ~

Tall-growing bunchgrass. Good fertilizer
response. More summer growth than timothy
or bromegrass. Excellent pasture grass.

Tolerant of wide range of soil fertility,
pH, and moisture conditions.

Short-lived bunchgrass. Longer lived than
weeping lovegrass or tall oatgrass.

Withstands eroded, acid, and low-fertility
soils. Blackwell variety most often used.
Drainageways and terrace outlets.

Stands are maintained perennially by
vegetative reproduction. Shallow, fibrous
root system. Usually sown in a mixture
with alfalfa and clover.

Switchgrass (w)... 5.0-7.5

Timothy (c) 4.5-8.0

Annuals:

5.5-7.8
4.5-7.0

Harley (c)
~Ii llet, foxtail (w)

Provides winter cover.
Requires warm weather during the growing

season.
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APPENDIX A.I

(Continued)

RemarksfpH rangetName

(c) 5.5-7.0

5.5-7.5winter (c

Ryegrass, allllUal (c) 5.5-7.5

Sudangr a s.s ( w ) 5.5-7.5

Wheat, winter (c)

Bunch forming. Winter cover. kequires
[li t rogen for good growth.

Winter hardy. Survives on coarse, sandy
spoil. Temporary cover. .

Excellent for temporary cover. Can be
established under dry and unfavorableconditions. .

Good for temporary cover. Drought tolerant.
Cannot withstand cool, wet soils; rapid.

growth.
Requires nutrients. Poor growth in sandy

and poorly drained soils. Use for:
temporary cover; winter hardy.

5.0-7.0

-
"~Adapted from U.S. Environmental Protection Agency, 1976.

tOptimum growth occurs within these ranges.

fBecause of space limitations, information under Remarks is often incomplete and
might ledd the reader to unwarranted conclusions. Reference to State agricultural
bulletins or standard tests and consultation with extension personnel are
recommended for additional information.

warm season species, grows mostly during late spring and summer.

cool season species, grows mostly during the spring and fall.
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APPENDIX A.2

Commonly Used Legumes for Revegetation of Disturbed Lands*

Name pH ranget Remarksf

Perennials:

Alfalfa (c)§
Clover, Alsike (c)
Clover, white (c)

Crown vetch (c) 5.5-7.5
11

Flatpea (~) 5.0-6.0

Lespedeza, Sericea (w) 5.0-7.0

Trefoil, birdsfoot (c) 5.0-7.5

Requires high fertility and good drainage.
Good for seeps and other wet areas.
Stand thickness decreases after several

years.
Excellent for erosion control. Drought

tolerant. Winter hardy.
Seed is toxic to grazing animals. Good

cover.
Woody, drought tolerant. Seed should be

scarified.
Survives at low pH; persistent; high quality

forage.

Biennials:

6.0-7.0
6.0-8.0
6.0-8.0

Clover, red (c)
Sweetclover, white (c)

Sweetclover, yellow (c)

Should be seeded in early spring.
Tall growing. Poor grazing.
Tall growing. Can be established better

than white sweetclover in dry conditions
Poor grazing.

Annuals:

5.0-6.0
5.0-7.0'

Lespedeza, common (w)
Lespedeza, Korean (w)

Vetc.h; hairy (c)

Low-growing wildlife feed. Acid tolerant.
Less tolerant of acid soils than commoa

lespedeza.
Adapted to sandy soils as well as heavier

ones. Used most often as a winter cover

crop.

5.0-7.5

~A~apted from U.S. Environmental Protection Agency, 1976.
. ...

tOptimum growth occurs within these ranges.

fBecause of space limitations, information under Remarks is often incomplet~ and
might lead the leader to unwarranted conclusions. Reference to State agricultural
bulle,tins or standard texts and consultation with extension personnel are

recommended for additional information.

§(c) = cool season species, grows mostly during the spring and fall.

~(w) = warm season species, grows mostly during late spring and summer

6.5-'7.5
5.0-7.5
6.0-7.0



---'&---

63

APPENDIX A.3

Comparison of Production on a Mined Area with Production

on a Reference Area or with a Performance Standard

The use of sampling to compare production requires knowledge of

some simple statistical methods, which can be obtained from standard texts.

The procedure recommended for the above comparison is the t-test, which is

outlined on the following form developed by the Commonwealth Forestry Institute.
.

. ,
(Dawkins 1968). An example of comparing production on a mined area with toat-

.

on a reference area is provided which uses the 90 percent level of probability

required by sections 816.116 and 816.117 of the regulations.

If the average of samples from a mined area is compared with a fixed

standard, the following form of thet-test is used:

t = (sample mean)-(O.9 x production standard)
standard error of sample mean

For the sample mean to meet the standard, the computed "tIt value must be

greater than the tabulated "t" value for the 0.1 level of probability and

the degrees of freedom in the sample.
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APPENDIX A.4

t-Test of the Di_fference Between the Means of Two Sma_II Samples.

Using a Common Varianc~~

Example: Comparison of hay production on mined land and reference area

Observations of the twotsamples
a b

Nature of the observations

kg/plot of hay~ mined11, 5, 9, 8, 10 9,6,9,9,13 a.

kg/plot of hay, reference
area (reduced to 90%)

11, 10, 8, 11, 8
9,8

6,5,6, 10, 7 b.

Statistical Procedure

na = 12 nb = 101. Number of observations,

Th = 802. Sums, I, Ia = 108

3. Means, I/n, a = 9.0 b = 8.0

4. a b = 1.0 : Diff.Difference between means,

I(a2) = I(b2)10065. Sum of squared observations,

Correction factor, (I)2/n, (Ib)2fnb- 6. (Ia)2fna = 972

7. 'Sum of squares': SSa = 34 55b = 54

11 d.f.b = 98. Degrees of freedom, a-I, d.f.a =

Variance, SS/d.f., 3.09 Vb= 6.09. Va =

Variance ratio = greater V/lesser V = 6.0 / 3.09 = 1.9410.

11. Tabulated F at P.O2S for d.f. of greater V over d.f. of lesser V is 3.1.
Continue with t-test unless the variance ratio greatly exceeds tabulated
F. (In latter case, variances are heterogeneous and t-test is unreliabl

- (55a + 55b)- (d.f.a + d.f.b.) (34 + 54)
(11 + 9 )

Common)
Variance)

= 4.4 = V.com12. =

- .jy.~ + ~~
--na:--n-b

- ~4.4 + 4.4
-UW

Standard error)
of difference)

13. 0.898 = SEd=

Diff
SEd-;

1.0
0:898.

14. t-ratio = 1.1= =
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APPENDIX A.4

(Continued)

15. Student's t at PO.l for degree~ of freedom (d.f.a + d.t.b) is 1.72. If
this exceeds the calculated t-ratio then the means are not significantly
different at the 90% probability level. .

16. Confidence limits at 90~ probability for the difference a-b, are given
by: I

17. Student's t x SEd = 1.72 x 0.898 = 1.54 = CL

18. 90% collfidence range.
(upper limit:Diff+CL = 2.5)

i.e. ( . Diff = 1.0)
(lower limit:Diff-CL = <0 )

*Adapted from Dawkins, 1968.
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APPENDIX A.S

Exam Ie of Cro Yield Information Available in Soil Surve orts*

(Yields in column A are those obtained under CODUDon management; those in colwnn I
are to be expected under a high level of management. Absence of yield indicates
crop is not suited to the. soil or is. not commonly grown in it.)

Soil series
and mapping

units
Corn Alfalfa

A B
Wheat Soybeans

A 8
Pasture
A BA B A B

Cow-
acre-
daysBu Bu Bu Bu Tons Tons Tons Tons

Allen:
AeC
AeD
AeE
AnD 3

48
46

32

75
68

50

34
30

24

51
46

36

2.1.
2.1.

1..7

3.3
3.1

2.4

23

-

35

-

135
135
125
90

195
180
170
ISO

Atkins: At 35 50 22 30 80 135-
Bewleyville :'

BeB
BeC

58
55

92
85

36
34

54
52

2.3
2.2

3.4
3.3

40
36

27
21

115
115

195
195

Bodine: BdF 55 90-
Bonair: Bn 42 68 20 33 105 180-

BoF - -~oul'din:

Ghris ti an.:ChC2 .
ChD2CnG2. .

CnD2
Cn£2.
CsD3.

42
40
40
32

-

60
55
56
52

32
30
32
28

20

47
44
44
41

33

2.

1.

2.

1.

1.

2.
2.
2.
2.

1.

17

16

21

20

120
110
125
105
95
75

165
165
165
150
135
110

'CuBCurtistown: 75 115 38 54 2.6 3.8 28 43 150 225

*Adapted ~rom USDA Soil Conservation Service, 1981.

tCow-acre-days is a term used to express the grazing capacity of pasture. It is the
number of animal units (one cow, one steer, one horse, one mule, five sheep, or seven
hogs) carried per acre multiplied by the number of days the pasture is grazed during a
single grazing season without injury to the sod. For example, an acre of pasture that
provides 30 days of grazing for two cows has a grazing capacity of 60 cow-acre-days.

Cow-
acre-
dayst

0
9
0
8

4

,9

6
5
4

9
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APPENDIX A.6

Alabama

Average Crop Yields by County, 1977-1978

.
26
37
34
31
27
36
40
30
35
35
23
36
43
35
22
36
19
21
10

Bibb
Blount
Cherokee
Choctaw
Cullman
DeKalb
Etowah
Fayette
Franklin
Jackson
Jefferson
Marion
Marshall
Morgan
Shelby
St. Clair
Tus.caloosa
Walker
Winston

22
24
23
25
24
23
25
21
21
22
24
22
20
19
21
21
20
26
19

26
34
28
17
31
29
36
29
26
27
33
24
24
25
33
27
27
28
29

2

2

2

2

2

2

1

2

1

1

2

2

'2

"2-

.1

2

2

2

2
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APPENDIX A.6

Kentucky

Average Crop Yields by County, 1977-1978

Alfalfa All
County Corn Soybeans Wheat hay other hay

- -
Bu I Bu Bu Tons Tons

2
2
2
2
2
2
2
2
1
2
2
2
2
1
1
2
2
2
1
2
2
2

~ 2

1
1
1
1
2

80
85
90
89
81
80
82
83
85
80

101
76
80
91
79
80
83
90
75
92
86
80
84
82
73
84
82
82
70
85
75
75
78

101
80
88
83
90
78
75

-

3

3-

2
3
3

3
3

3

-

-

3
3

3

3
2
3
3

3
3
3

3
2

-

-
33
30

39-
31
32

-

27

29

39
32

Bell
Boyd
Breathitt
Butler
Caldwell
Carter
Christian
Clay
Clinton
Crittenden
Daviess
Edmonson
Elliott
Estill
Floyd
Grayson
Greenup
Hancock
Harldn
Henderson
Hopkins
Jackson
Johnson
Knott
Knox
Laurel
Lawrence
Lee
Leslie
Letcher
Magoffin
Martin
McCreary
McLean
Menifee
Morgan

. Muhlenberg

Ohio
Owsley
Perry

-
2
1
2
2
2
1
....:.
2

--
-
-

36

29
30

-
-

34
-

28
30

-

0
0

1

0
7
2
0

0
2
0

1
7

-
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APPENDIX A.6

Kentucky

(Continued)

2
2
2
1
2
2
1
1
1

85
93
98
96
89

101
93
73
92

Pike
Pulaski
Rockcastle
Union
WaM'en
Wayne
Webster
Whitley
Wolfe

-
3
3
4
3
-
3
-
-

-
33
33
34
32
34
30

-

-
34

37
33
31
35
-
-

.

Tennessee

Average Crop Yields by County, 1977-1978

33
29
28
30
29
29
36
28
29
33
30
33
30
27
27

23
23
25
23
27
22
24
22
29
23
27
21

26
25

62
54
70
68
71
69
51
51
73
80
71
50
74
53
61

Anderson
Bledsoe

Campbell
Claiborne
CWDberland

Grundy
Hamilton
Marion
Morgan
Overton
Putnam
Rhea
Scott
Sequatchie
Van Buren
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APPENDIX A.6

Pennsylvania

Average Crop Yields by County, 1977-1978

I
!
I
!
I
t

!
!
!

..

j
.
!
t
;
!
I

i

f

15

15

15

15

16

14

16

14

14

16

16

14

16

15

13

15

13

13

16

15

15
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APPENDIX A.6

West Virginia

Average Crop Yields by County, 1977-1978
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APPEND IX A. 6

Virginia
.

Average Crop Yields by County~ 1977-1978
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Appendix B

Supplemental Information on an Inventory System

for Evaluating Reve~etation
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APPENDIX B.1

.Statistic~l Ba~Qr Crit~aLkvels

Hypothesis

The null hypothesis and alternative hypothesis for woody plant

stocking and vegetative cover are given below:
I

Woody plant stocking Vegetative cover

H :0
p = .45 H :0 ~ (%)

H: p < .45 H: ~ (%) < 70%
a a

Where p is estimated by p, the proportion of milacre plots stocked

with one woody stem or more; and ~ (percentage) is estimated by the percentage

of the mark~ or pins out of 20 that have vegetative cover,

The critical values (number of plots with one or more wood stem,

and average number of plots out of 20 with vegetative cover) are the smallest

means possible to have with the upper end of the 90 percent confidence

intervals including the specified value of the population (450 woody plants

per acre and 70 percent stocking of vegetative cover)

Sample sizes and error levels

This procedure will correctly identify adequately vegetated areas

9 out of 10 times in the long run. However, 1 time out of 10, the sampling

procedure will indicate an area is inadequately vegetated, when in fact, the

area is adequately vegetated. This is Type I error, which occurs 10 percent

o~ the time, a level determined by the specification of a 90 percent confidence

level by the Regulations.

Inadequately vegetated areas are also subject to either correct or

incorrect classification. Correct classification (an inadequately vegetated

area being designated as such) should have a high probability of occurring
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while misclassification (occurrence of Type II error) should have a low

probability. The probability of Type II error is determined by (1) the

probability selected for Type I error, (2) the sample size, and (3) the

true population value. The relation of these variables is summarized with

operating characteristic curves (Acheson 1974).

From the operating characteristic curves for det~ermining woody

plant stocking, the following table was developed which presents values of

actual stocking resulting in Type II error equal 10 percent for various

sample sizes.

Actual stocking (trees per acre)
resulting in Type II error of

10% for given sample size

Sample size
(n)

50
100
150
200

265
315
340
350

The presence or absence designation used for woody plants results

in a binominal distribution. The binominal distribution has the attractive

feature of variance (npq) being specified when the mean is specified (op)

(Hodges and Lehmann 1964). This is not the case with the normal distribution,

which was used to describe the distribution of the number of marks or pins

per sample with vegetative cover. Two standard deviations (G') were assumed:

9 and 3 based on the near-worst case and a more moderate case.

The following table presents the actual percentage of cover which

results in Type II error being 10 percent for combinations of three sample

sizes and two standard deviations.
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Actual vegetative cover (%)
resulting in Type II error
of 10% for givpn samnlp ~ize

Sample
(h)

Standard deviation
(a-)

~

l(

2(
~

IC

2C

3 64.5
66.5
67.5
53.S
58.0
61.0

9

Sample size

Based on these two tables and their underlying operating character-

istic curves, desired sample size was selected to be 100. This was based on

'the large gain in stocking and cover which had Type II error being 10 percent

,when the sample size was increased from 50 to 100 but smaller gain for
4~

U increased sample sizes beyond 100.

jO
)0
)0
iO
10
10
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Appendix B.2

Modification of Ground Cover Sampling Procedures

to Other Levels of Ground Cover or Other Confidence

Levels or Both

The procedure.for ground cover sampling described in the handbook

is designed to test for 70 percent cover at the 90 percent confidence leve~.'

Other percentages of ground cover can be tested by first calculating the
..

average number of points vegetated out of 20 that this new percentage of cover

20. Then this number is substituted for 14.0 in step 13, Part B, figure 3.6

and figure 3.7 of the inventory system description.

New confidence levels are obtained by substituting values fr?m a

table of Student's t-distribution for those in step 11 of the figures mentioned

above. The values must be for a one-tailed test, which is also called a test

with sign considered. The three values are for 40 degrees of freedom,

60 degrees of freedom, and 120 degrees of freedom, respectively.
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Appendix B.3

Modification of Woody Plant Stocking Sampling Procedures

to Other Levels of Stocking or Other

Confidence Levels or Both

The procedure lior evaluating woody plant stocking described in the

handbook tests for 450 stems per acre on moderate slopes and 600 stems per

acre on steep slopes. The minimwn nwnbThe confidence level is 90 percent.

of stocked plots for various total numbers of plots is the lowest number of

plots out of the total that results in an upper confidence limit larger than

the desired number of stems per acre divided by 1,000. The confidence

interval is that associated with a binomial distribution (Cochran 1977).

For different levels of desired stocking or different confidence

levels, new critical values can be obtained by using the computer program

presented in appendix B.4. The input for this program consists of the

values for Student's-t for 40,60, and 120 degrees of freedom at the desirea

The valuEconfidence level, and the desired number of woody stems per acre.

These four values are entered orfor Student's-t are for a one-tailed test.

one card following the program deck with each having five-card columns. An

example for 450 stems per acre at the 90 percent confidence level is includf

with the program



TMlS P~uG~.~ CALCULATtS THE "lNIMU~ NUMdEH UF PLUTS N~fU~U'HITH
Ar LtAST O~E ~uOUY STf;M TO HAVE A SP~CIFIEO Lf.~E.l Of STOCI(I~G. ...' ,

TME kA,"G~ foUi( TH~ TOTAL NUM8~R Ilf fJLUTS ~~AMINED IS FkU~' ~O TO ~Ol.l.
T"t. ~JNIMU~ NUM~~R ti,F PLOTS IS ON~ MUi(f. THAN THAT ..HIC~ HESULTS I~.
T"E \"PPEJ< CONFID~~C~ LIMIT 8~I~G It.S~ lHA~ THE DESIREL1 L~'tEI. UF '

S10C~I~G ~XPHESSED AS A PRUPUHTION UF 10UO. . . .

TMl J~~PuT IS u~f CARD ~ITH ~~LU~~ U~ S1uu~~1'S T FOR 4U OF, bU DFt
AND 12~ DF IN tARO COI.UMNS 1-b, 7-12, ANU 13.1~. IN CA~D COLUM~S .'

t<i.2.s, I~SERT TH~ OESIH~U NUM"'~R 11f' Ti(EES tJ~H ACWE. THIS CA~U r - ,
~OLLL~S THE IIGU.SVSIN UD * CARV ~ -

kf~f~(5,t) T4U,TbO,T120,STOCi(. :

F()H~AT(Jfob.4,F~.O) .
ST~Pt~=STUCK/100U.
"RITt.(b,~) STOCi(.
fU~M.T('l TOTAL NUM~EH uF PLUT5 MINI~U~ NU"~~H Or STUCK~D PLUTS

t TU t1A~~',"~.O,'SlEMS PtH ACH~')
UO 2 NU~PLTa50,2u~,5
UP L J M-t = t . 000

PLT~u~&O~L~'T(NU~PLT) ~T-T4U . .

If (NL'~PLT.GE .bU) T=TbU

IF(NuMPLT.GE.I~O)T=T120
ST~PLTa.INT((PLTNu"*ST~P~~)+l.)
P=ST"PLT/PLTNLJ~

STLJI)~V=((P)*(t.P)/(PLT~UM.l.»**.5
UPLI~Z=P+((T.ST~u~v)+(U.~/PLTNUM»
Ifo(U~LJ~1.G~.SlKfJ~".ANO.UPLI~2.L':.5'~P~~)GU TO .5
STKPLT=ST~PlT.I.
If(51~PLT.Lt.O)Gu TO 7
uPLtPOl1=uf"L!M2
GO Tt; 0

CH5TfJL=(~LT~U"*P)+1.0
'~Mf' 'P~=~UMPL 1 +"

wWIT~(O.ij)NUMPLT,NMPTP4,tHSTPL
f(Jk~AT(' ',I8,'.',I8,31.,FIU.O)
(.U TlJ 2

~~lT~(b,~)
FU"~AT(' ~U~oE.W Ufo STOC~tD PLU'TS L~SS THAN LE~U')

,Cl":!I~~u~
co Yr.'"
v . ",

ENU

(See program e

Appendix 8.4
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GLOSSARY

Cropland means land used for production of row crops, small grain crops,

nursery crops, orchard crops, and other similar specialty crops.

Grazing capacity means the maximum stocking rate possible at which livestock

can graze without inducing damage to vegetation or related resources.

Half-shrubs are perennial plants with a woody base whose annually produced r

-
.stems die back each year.

Pastureland means land used primarily for long-term production of forage

plants for livestock consumption either by grazing or as hay or

ensilage.

~~ime farmland means land having the potential for the production of food,

feed, forage, fiber, and oilseed crops and possessing soil qualities,

growing season, and moisture supply needed to produce sustained high

yields of a variety of crops economically when treated and managed

according to modern farming methods utilizing minimal amounts of energy

and-resource inputs relative to output and having minimal environmental

The land must also have historically been used for cropland.impact.

Reference area means a land unit maintained under appropriate management

for the purpose of measuring vegetation ground cover, productivity,

and plants species diversity produced naturally or by crop production

methods approved by the regulatory authority.

Shrubland means land used primarily for growing woody, multistem perennial

plants unsuited for commercial forests and utilized [nainly by wildlife.
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specific time, expressed in animal unit months or animal unit days.

Technical sta~~ means a productivity or percentage ground cover level

areas for specific plant type, land uses, and growth situations




